BACKGROUND: Epidermal growth factor receptor (EGFR) signalling is frequently altered during glioblastoma de novo pathogenesis. An important downstream modulator of this signal cascade is SHP2 (Src homology domain-containing phosphatase 2). METHODS: We examined the The Cancer Genome Atlas (TCGA) database for SHP2 mutations. We also examined the expression of a further 191 phosphatases in the TCGA database and used principal component and comparative marker analysis available from the Broad Institute to recapitulate the TCGA-defined subgroups and identify the specific phosphatases defining each subgroup. We identified five siRNAs from two independent commercial sources that were reported by the vendor to be pre-optimised in their specificity of SHP2 silencing. The specificity and physiological effects of these siRNAs were tested using an in vitro glioma model. RESULTS: TCGA data demonstrate SHP2 to be mutated in 2% of the glioblastoma multiforme's studied. Both mutations identified in this study are likely to be activating mutations. We found that the four subgroups of GBM as defined by TCGA differ significantly with regard to the expression level of specific phosphatases as revealed by comparative marker analysis. Surprisingly, the four subgroups can be defined solely on the basis of phosphatase expression level by principal component analysis. This result suggests that critical phosphatases are responsible for the modulation of specific molecular pathways within each subgroup. Src homology domaincontaining phosphatase 2 constitutes one of the 12 phosphatases that define the classical subgroup. We confirmed the biological significance by siRNA knockdown of SHP2. All five siRNAs tested reduced SHP2 expression by 70 -100% and reduced glioblastoma cell line growth by up to 80%. Profiling the established molecular targets of SHP2 (ERK1/2 and STAT3) confirmed specificity of these siRNAs. The loss of cell viability induced by SHP2 silencing could not be explained by a significant increase in apoptosis alone as demonstrated by terminal deoxyribonucleotidyl transferase-mediated nick-end labelling and propidium iodide staining. Src homology domain-containing phosphatase 2 silencing, however, did induce an increase in b-galactosidase staining. Propidium iodide staining also showed that SHP2 silencing increases the population of glioblastoma cells in the G1 phase of the cell cycle and reduces the population of such cells in the G2/M-and S-phase. CONCLUSION: Src homology domain-containing phosphatase 2 promotes the growth of glioblastoma cells by suppression of cellular senescence, a phenomenon not described previously. Selective inhibitors of SHP2 are commercially available and may be considered as a strategy for glioblastoma therapy.
Glioblastoma multiforme (GBM) is the most common type of malignant primary brain tumour in adults. Around 30 000 new cases are diagnosed every year in the United States and Europe (CBTRUS, 2008) . The prognosis is dismal, and despite treatment with the standard of care regimen involving surgery, radiation 'and chemotherapy, median survival remains below 15 months (Stupp et al, 2005) , and there is a clear need for improved therapeutic approaches. There has, however, been substantial progress in the understanding of molecular cancer subgroups (Verhaak et al, 2010) , pathways involved in gliomagenesis and disease progression (Furnari et al, 2007; Network CGAR, 2008; Parsons et al, 2008; Yan et al, 2009; Verhaak et al, 2010) These efforts to understand the underlying molecular biology of the disease is now paving the way for the development of targeted therapeutics.
Epidermal growth factor receptor (EGFR) is overexpressed in a variety of human tumours including GBM, where it has been linked to radiation resistance and poor prognosis. A number of researchers, including us, have shown activation of EGFR to result in cytoprotective and proliferative downstream signalling (Schmidt-Ullrich et al, 2003; Sturla et al, 2005) . Studies of receptor tyrosine kinases (RTKs) , including EGFR, demonstrate that the overall phosphorylation state is a net result of RTK and protein tyrosine phosphatase (PTP) activities (Reynolds et al, 2003) . As the catalytic activity of PTP's can be 1000-fold greater than that of kinases (Haque et al, 1995; Wang et al, 2010) , perturbation of activity may have a significantly more profound effect on signal propagation than that of kinases. Most targeting strategies for RTKs emphasise the kinase activity (Shimizu et al, 2008) . In autocrine-regulated tumour cells, the Tyr kinase activity is always 'on', and thus net RTK activity will be mostly regulated by PTP activity. This suggests that the greatest therapeutic gain may be achieved by targeting the counteracting PTP.
Src homology domain-containing phosphatase 2 (SHP2) (PTPN11) is a non-receptor PTP, which regulates several of the RTK pathways known to be overexpressed in glioblastoma, including EGFR, FGFR and PDGFR (Grossmann et al, 2010) . Perhaps, the most well-studied role of SHP2 is that in the modulation of EGFR phosphorylation, the RTK most widely overexpressed in GBM (Bredel et al, 2010) . Here SHP2 has been shown to both antagonise and potentiate the action of its target PTK's and was the first phosphatase described as oncogenic (Bentires-Alj et al, 2004) . More than 58 different SHP2 mutations have been identified in various tumours and 18 mutations in Noonan and Leopard syndromes, where patients exhibit disruption of normal cell proliferation and migration during development (Bentires-Alj et al, 2004) . In its basal state, SHP2 activity is suppressed by intramolecular interactions between residues in the 'backside loop' of the N-terminal SH2 domain and the catalytic surface of the PTP domain (Hof et al, 1998) . The mutations have been found to cluster mostly in the N-SH2 and PTP domain interface of the protein and are therefore predicted to be activating mutations -suggesting a positive role for SHP2 in tumourigenesis
As mutations in SHP2 have been identified in a variety of solid tumours and this phosphatase is an important regulator of multiple RTK's involved in the aetiology of GBM, we decided to examine this phosphatase closely in both established GBM cell lines and the The Cancer Genome Atlas (TCGA) human tissue database. We used both TCGA mutation and expression data to confirm the presence of SHP2 mutations in human GBM and establish a potential role for this phosphatase in the classical, RTKdriven subgroup. We also used an siRNA approach to examine the effects of SHP2 knockdown on cell viability in established GBM cell lines in vitro.
MATERIALS AND METHODS

TCGA analysis
Median expression data for 207 GBM samples from two different microarray platforms combined was downloaded from the TCGA data portal. Sample data were rearranged to group tumours into the four subclasses defined by TCGA (Verhaak et al, 2010) . The resulting file was converted to a gct file compatible with the GenePattern software available from the Broad Institute (http:// www.broadinstitute.org/). Files were generated from this master file containing either the 189 phosphatase genes available on the microarray platforms or the 189 phosphatase genes combined with the 693 known kinase genes allowing a comparison to the whole genome. Principal component analysis (PCA) was performed on both the phosphatase and whole genome data sets using the gene pattern software.
The GenePattern software was used to perform K nearestneighbour analysis (Sun et al, 2011 ) using leave-one-out crossvalidation (KNN X-validation). This class prediction analysis was used to determine how accurately the samples could be grouped into their various classes using only phosphatase expression as compared to the whole genome.
Gene pattern comparative marker analysis (CMA) was used to identify significant markers for each group using only phosphatase genes, phosphatase and kinase genes combined or the entire gene set. Marker phosphatases were then fed into both the pathway interaction database (http://pid.nci.nih.gov/) and ingenuity pathway analysis (http://www.ingenuity.com/) to look for enrichment of pathways in each group.
Cell lines and tissue culture
Established glioblastoma cell lines, U87 and A172, were obtained from the ATCC and maintained in Dulbecco's modified Eagle's medium high glucose with Penstrep and 15% FBS (Invitrogen, Carlsbad, CA, USA) at 37 1C, 5% CO 2 .
Transfection with siRNA
Cells were cultured to a confluency of 30% before siRNA transfection. Following this siRNA was transfected into cells using Lipofectamine RNAiMAX (Invitrogen). Transfection was carried out according to the manufacturer's instructions using a final concentration of 10 nM siRNA. Transfection efficiency was assessed using a fluorescent non-targeting siRNA (Allstars Negative siRNA Alexafluor488; Qiagen, Valencia, CA, USA). The non-targeting control siRNA (Allstars Negative siRNA) and SHP2-specific siRNAs Hs_PTPN11_7 (Q1; SI02225909) and Hs_PTPN11_6 (Q2; SI02225902) were also purchased from Qiagen. Stealth RNAinegative control low GC duplex and high GC duplex and the SHP2-specific siRNA PTPN11HSS108832 (I1), PTPN11HSS108833 (I2) and PTPN11HSS108834 (I3) were purchased from Invitrogen.
Western blotting and antibodies
Cells were rinsed with ice-cold phosphate-buffered saline (PBS) and snap-frozen on dry ice at the appropriate times following transfection. Cells were scraped into a denaturing cell extraction buffer (Invitrogen) containing a protease inhibitor cocktail (Pierce, Rockford, IL, USA) and 100 mg ml À1 PMSF. Lysates were incubated for 30 min on ice and passed five times through a 20-gauge needle and syringe. Samples were centrifuged at 14 000 g for 15 min at 4 1C, and supernatant protein concentrations were determined by the Bradford assay (Biorad, Hercules, CA, USA). For whole-cell lysates, 5 Â loading buffer (50 mM NaPO 4 , 5% SDS, 0.25% bromophenol blue, 12.5% 2-mercaptoethanol and 10% glycerol) was added to lysates to achieve 1 Â . Equal amounts of protein were fractionated on SDS/10% polyacrylamide gels and protein transferred electrophoretically onto nitrocellulose membranes. Membranes were probed with the appropriate primary and secondary antibodies. Blots were analysed by chemiluminescence detection (Supersignal West Pico; Pierce). The SHP2 antibody was used at a dilution of 1:500; phospho-and total STAT3 dilution was 1:500 and phospho-and total ERK1/2 was 1 : 1000 in 5% milk TBS-T. Equality of protein loading was confirmed by b-actin staining 1 : 50 000 in 5% milk TBS-T. All antibodies, with the exception of SHP2 and b-actin-HRP (Abcam, Cambridge, UK), were purchased from Cell Signaling Technology (Danvers, MA, USA). The HRPconjugated anti-rabbit and anti-mouse antibodies were diluted 1 : 5000 in 5% milk TBS-T. Blots were stripped with Restore Western Blot Stripping Buffer (Pierce), and re-probed as described in the text.
Cell viability assay
Cells were cultured in 10 cm plates and transfected with 10 nM appropriate siRNAs. At 24 h following transfection, cells were trypsinised and reseeded at a density of 1000 cells per well in a 96-well plate, 8 wells per condition. Outer rows were not used and media were changed every 3 days to avoid assay error due to media evaporation. At 6 and 10 days post-transfection, alamar blue (Invitrogen) was added at a concentration of 10% per well and cells incubated for 3 h at 37 1C, 5% CO 2 . Colorimetric change (fluorescence) was assessed using a Biorad plate reader, Ex 570 nm and Em 585 nm.
b-Galactosidase assay
Cells cultured and transfected for viability assay were seeded in triplicates at a density of 1000 cells per well in 24-well plates at the time of re-seeding for viability assay. Cells were incubated at 37 1C for 4 days following reseeding and stained for b-galactosidase, using a b-galactosidase staining kit according to the manufacturer's instructions (Cell Signaling Technology). Plates were viewed and photographed using a Zeiss inverted microscope, Â 20 magnification.
TUNEL and cell cycle analysis
Cells were seeded in 10 cm plates and transfected as described previously with 10 nM of the appropriate SHP2 siRNAs or the death control siRNA (Qiagen). Cells were harvested by trypsinisation, rinsed twice in PBS and fixed overnight in 70% ice-cold ethanol. Cells were rinsed in PBS and assessed for DNA degradation by terminal deoxyribonucleotidyl transferase-mediated nick-end labelling (TUNEL) according to the manufacturer's instructions (Apoptag; Intergen, Burlington, MA, USA). Analysis of cell cycle was determined as stated above, but following fixation, cells were incubated with RNAse (100 mg ml À1 ; Invitrogen) for 30 min before propidium iodide labelling (25 mg ml À1 ; Roche, Indianapolis, IN, USA). Terminal deoxyribonucleotidyl transferase-mediated nickend labelling positivity and propidium iodide staining was determined by flow cytometry.
RESULTS
GBM harbours SHP2 mutations likely to be activating mutations
The TCGA identified four mutations of SHP2 in tumour normal matched GBM samples. Two of these mutations were validated and found to be present in tumour samples only ( Figure 1 ). The first mutation is a single base mutation, resulting in a glutamic acid to lysine change at position 69. This amino acid is situated within the N-terminal SH2 domain and forms a stabilising hydrogen bond with aspartic acid 281 in the PTP domain. The mutation, originally identified in the neuroblastoma, was copied in vitro and found to have a 16-fold higher phosphatase activity than wild-type SHP2 (Bentires-Alj et al, 2004) . The N-SH2 domain sits in the catalytic site of the PTP domain inhibiting SHP2 phosphatase activity. Not surprisingly, mutations in the N-SH2 domain have been found to significantly increase SHP2 phosphatase activity (Bentires-Alj et al, 2004) .
The second mutation results in an isoleucine to methionine substitution at position 282 within the PTP domain. This is adjacent to the 281 aspartic acid residue involved in the hydrogen bond shown to stabilise the inactive conformation of SHP2. Although this mutation has not previously been described, its location suggests that it could also be an activating mutation.
The third mutation results in a leucine to histidine substitution at position 262 also within the PTP domain. The final mutation is a threonine to methionine substitution at position 553 within the c-terminal domain. However, these final two mutations were not validated as tumour-specific.
SHP2 is a marker of the classical subgroup of GBM
We found that the four subgroups of GBM, as defined by TCGA, differ significantly with regard to the expression level of specific phosphatases. The four subgroups can be defined solely on the basis of phosphatase expression by PCA (Figure 2A ).
The gene pattern software was used to perform K nearestneighbor analysis using leave-one-out cross-validation. This class prediction analysis was used to determine how accurately the samples could be grouped into their various classes using only phosphatase expression as compared to the combined phosphatase/kinase or whole genome. K nearest-neighbour cross-validation using only phosphatase gene expression accurately predicted the sample class for 64.5 ± 6.5% of the samples when analysis was performed on both the original and validation data sets. This compares to 75 ± 0% when using the whole genome ( Figure 2B ). When the accuracy of prediction is broken down by class, however, the phosphatase-only gene set accurately predicts the sample class for 74±7% of the classical samples compared to 73±5% using the whole genome. There was no significant difference between percentage correctly assigned samples determined using phosphatase expression only and that determined using the whole genome (unpaired t-test, P ¼ 0.17 -0.92).
Comparative marker analysis identified SHP2 as one of the 12 phosphatases that define the classical subgroup ( Figure 2C ). In all, 12 phosphatases were found to be significantly associated with classical GBM, with SHP2 being sixth on the list with a P-value o0.0001. When CMA was used with the phosphatase and kinase genes combined, SHP2 fell to 40th in the list, but retained significance with a P-value o0.0001. Finally when CMA was carried out with the entire gene expression profile of over 20 000 genes, SHP2 falls to the 3163rd position with a P-value of 0.032. Src homology domain-containing phosphatase 2 therefore holds its significance as a classical subgroup-defining phosphatase even in the context of the entire gene set. When this analysis was repeated using a validation data set available from TCGA, SHP2 remained as a significant marker of the classical subgroup ( Figure 2C ).
SHP2 siRNA decreases GBM cell viability without a significant increase in apoptosis All five siRNAs tested reduced SHP2 expression by 70 -100% as compared to the non-targeting siRNA or a mock-transfected control from 36 h post-transfection (Figure 3) . Equality of protein loading was confirmed by actin staining. Profiling the phosphorylation status of established molecular targets of SHP2 (ERK1/2 and STAT3) (Agazie and Hayman, 2003; Zhang et al, 2009) confirmed specificity of these siRNAs. Src homology domaincontaining phosphatase 2 has previously been shown to enhance Ras activation by dephosphorylating EGFR tyrosine 992, responsible for the translocation of RAS GAP to the plasma membrane, where it inhibits RAS activity (Agazie and Hayman, 2003) . Knockdown of SHP2 by SHP2-specific siRNA resulted in a decrease in ERK1/2 phosphorylation without a significant change in total ERK1/2 levels as shown by western blot. In contrast, SHP2 has been shown to have an inhibitory effect on JAK-STAT signalling (Zhang et al, 2009 ). In accordance with the established effect of SHP2 on STAT3, knockdown of SHP2 siRNA resulted in an increase in phospho-STAT3 without a significant increase in total STAT3 levels ( Figure 3) .
The viability of U87 and A172 cells transfected with nontargeting siRNA was not significantly different to that of untransfected or mock-transfected cells (data not shown). Viability of U87 and A172 cells transfected with SHP2-specific siRNA reduced glioblastoma cell line growth by up to 80%, as shown using an alamar blue assay (Figure 4) . Five commercially available SHP2-specific siRNAs were tested. Of these, one siRNA had a much greater effect on cell viability than the others, siRNA I2, and was eliminated from further study in case of off-target toxic effects. Viability of U87 cells was reduced by 60 -75% by the four remaining siRNAs (Po0.0001). A172 cell viability was reduced by up to 60% (Po0.005).
Reduced cell viability could not be accounted for by enhanced apoptosis as shown by TUNEL. The classical DNA degradation associated with apoptosis was assessed by TUNEL in nontransfected, non-targeting siRNA-transfected and SHP2-specific siRNA-transfected cells. Less than 1% of the control cell populations were shown to be apoptotic as determined by TUNEL positivity ( Figure 5 ). U87 cells transfected with either Q1 or Q2 SHP2-specific siRNA exhibited TUNEL positivity in 1% and 2% of the cell population, while I1 and I3 showed 5% and 3%, respectively ( Figure 5A ). Although the percentage of apoptotic cells was higher in SHP2 siRNA-transfected cells as compared to the non-transfected and non-targeting siRNA controls, this was not high enough to account for the loss of cell viability observed. Similarly in A172 cells, only 1% of the cell population was TUNEL positive. Although this percentage increased to 10%, 13% and 11% in Q1, I1 and I3 SHP2-specific siRNA-transfected cells, respectively, this was not high enough to explain reduced cell viability ( Figure 5B ).
SHP2 siRNA induces cellular senescence
Both U87 and A172 cells transfected with SHP2-specific siRNA showed significant morphological changes. Cells showed enlarged and flattened or elongated morphology consistent with that seen in senescent cells (Figure 6 ). Although similar morphological changes were noted in U87 cells (Zhan et al, 2009) , cellular senescence was neither studied or suggested as a mechanism.
As we saw a loss in cell viability without a significant increase in cellular apoptosis alongside morphological changes consistent with senescence, we further analysed the effects of SHP2 knockdown on cellular senescence. Cells with knockdown of SHP2 exhibited cellular enlargement and elongation classically associated with senescence ( Figure 6 ). b-Galactosidase staining at pH 6.0 is also a classical marker of cellular senescence (Figure 6 ). Src homology domain-containing phosphatase 2 knockdown induced a significant increase in both intensity of b-galactosidase staining and number of b-galactosidase-positive cells in both U87 ( Figure 6A ) and A172 cells ( Figure 6B ) from 4 days posttransfection. Cells with 415% positivity as determined using the ImageJ software (NIH) were considered positive for quantitation. Two fields per replicate and a total of 2000 cells were counted. Knockdown of SHP2 induced a highly significant increase in the percentage of b-galactosidase-positive cells in both U87 and A172 cells as compared to a control siRNA or mock-transfected control ( Figure 6C ). Cell populations transfected with SHP2 siRNA demonstrated 60 -90% b-galactosidase positivity as compared to 20 -40% b-galactosidase positivity in cells transfected with the negative control siRNA (Po0.0001). An increase in p53 protein level, as determined by western blot, was also observed in the majority of SHP2 knockdown cells. This is consistent with the increase in p53 known to precede cellular senescence (Quick and Gewirtz, 2006 ). The increase in p53 level was inconsistent in Figure 6B (lane 5) due to limited sample. The actin loading control is also reduced in this lane. Owing to the drastic effect of SHP2 knockdown on cell viability, it is not always possible to get sufficient protein for western blot following viability and senescence assays.
Propidium iodide staining was also used to observe cell populations in the various phases of the cell cycle. Senescent cells have previously been shown to arrest in the late G1 phase of the cell cycle, and consistent with this phenomenon, we found an increase in the percentage of cells in the G1 phase of the cell cycle in SHP2 knockdown cells (data not shown).
DISCUSSION
Our analysis of TCGA data showed that phosphatase expression alone can be used to recapitulate the subdivision of GBM into four subgroups as identified by TCGA using the whole genome-derived 840 gene identifier (Verhaak et al, 2010) , suggesting that phosphatases play an important role in the underlying biology of GBM. As kinases are far more numerous than phosphatases, one phosphatase must target multiple kinases. As such, targeting phosphatases may prove more effective in tumours, such as GBM, with co-activation of multiple RTK pathways, which respond poorly to kinase inhibitor monotherapy.
We identified activating mutations of the putative oncogenic phosphatase, SHP2, in approximately 2% of the tumours analysed by TCGA. Both of the mutations that passed validation in the TCGA data set could be considered activating mutations based on their location within the N-SH2/PTP domain interface. The first mutation, E69K, has been well studied and is known to have 16-fold higher phosphatase activity than wild-type SHP2 (Bentires-Alj et al, 2004) , although a more recent study by the same group determined that the tumourigenic potential of SHP2 mutation does not necessarily correlate with PTP activity (Keilhack et al, 2005) . With respect to the second mutation,
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Non-transfected Q1 SHP2 siRNA I1 SHP2 siRNA we predict this to be an activating mutation due to its location adjacent to a hydrogen bond known to stabilise the inactive conformation.
We also considered the expression profile of phosphatases in the four GBM subgroups described by TCGA. Comparative marker analysis identifying the phosphatases most significantly associated with each group clearly identified SHP2 as an important marker of the classical subgroup of GBM and remained a significant marker even when considered alongside kinases or the whole genome. Considering the well-documented role for SHP2 in the regulation of EGFR phosphorylation, it is not too surprising that the classical subgroup of glioblastoma, as defined by TCGA, was also the group found to have deregulation of EGFR signalling. High-level EGFR amplification was observed in 97% of this subtype along with 70% of the EGFRvIII mutations (Verhaak et al, 2010) . Platelet-derived growth factor subunit A, also overexpressed in this group, has been shown to enhance EGFR signalling through heterodimerisation of PDGFRA and EGFR (Milenkovic et al, 2003) .
Src homology domain-containing phosphatase 2 is well known to extend the half-life of active RAS and increase ERK1/2 signalling downstream of a variety of RTKs, including EGFR, PDGFR and FGFR, all of which have been found to be overexpressed in GBM (Giannini et al, 2005) .
The classical subgroup of glioblastoma, as defined by TCGA, was found to have high expression of EGFR and PDGFA. Plateletderived growth factor subunit A has been shown to enhance EGFR signalling through heterodimerisation of PDGFRA and EGFR (Milenkovic et al, 2003) . High-level EGFR amplification was also observed in 97% of this subtype along with five of seven EGFRvIII mutations (Verhaak et al, 2010) . Given that SHP2 has been shown by several groups to regulate EGFR activity (Wu et al, 2000; Grossmann et al, 2010) , it is not surprising that we also found SHP2 to be a significant marker of the classical subgroup of GBM.
Given the association of SHP2 expression with the RTK-driven 'classical' subgroup of GBM and the identification of potential activating mutations in GBM samples, it is not surprising that knockdown of SHP2 with SHP2-targeting siRNA resulted in a loss of cell viability. This loss in viability, however, was not associated with a significant increase in apoptosis. We did see striking morphological changes in the cells with significant knockdown of SHP2. These changes were similar to those described as classical cellular senescence. Although the morphological changes observed in our study were noted in a previous study, no connection to cellular senescence was made (Zhan et al, 2009) . We found various markers of senescence when we knocked down SHP2 expression in GBM cell lines, suggesting that SHP2 protects the cells from senescence. It is therefore possible that the presence of activating mutations of SHP2 in GBM allows tumour progression by protecting cells from senescence and apoptosis. The mechanism of action is unknown at present, but two strong possibilities exist. Src homology domain-containing phosphatase 2 is well known to enhance the half-life of active RAS and as such it is possible that the knockdown of SHP2 activity and its consequent effects on RAS activity are responsible for the senescence that we observe in GBM cell lines. We confirmed a reduction in the MAPKs, ERK1/2, downstream of RAS in cells with reduced SHP2 protein levels. Although Ras is an important mediator of glioblastoma tumourigenesis, its loss is not typically associated with the induction of cellular senescence. In fact, there are several reports of induction of senescence by overexpression of active RAS, a phenomenon known as oncogene-induced senescence (Rai et al, 2010; Kosar et al, 2011) . Previous studies have also shown SHP2-activating mutations to be mutually exclusive to mutations such as NF1 loss, which leads to an increase in active RAS (Holzel et al, 2010) .
Src homology domain-containing phosphatase 2 has been shown, however, to regulate hTERT localisation (Jakob et al, 2008) . The human telomerase catalytic subunit -when localised to the nucleus -protects cells against cellular senescence. Human telomerase reverse transcriptase alone has been found to immortalise normal human astrocytes (Sonoda et al, 2001 ) with the addition of SV40 T-Ag and active Ras (H-ras), allowing maximum tumourigenicity as determined by anchorage-independent growth and formation of tumours in nude mice (Rich et al, 2001) . This is consistent with the finding that most grade III gliomas express telomerase. Its reactivation is associated with nonmalignant grade II to malignant grade III conversion (Kim et al, 1994; Sano et al, 1998) . A study by Jakob et al (2008) showed overexpression of SHP2 to block oxidative stress-induced nuclear export of hTERT. As a consequence, hTERT is retained in the nucleus, resulting in resistance to cellular senescence and apoptosis. Preliminary data using an hTERT antibody and IHC (data not shown) suggest that knockdown of SHP2 expression using siRNA reduces nuclear hTERT staining in U87 cells. More work is required to confirm these data and to determine the exact mechanism by which SHP2 suppresses cellular senescence in glioblastoma, but it is clear that it plays an important role in the viability of these cells. As the selectivity of commercially available SHP2 inhibitors is improved, they should be considered a potential strategy for glioblastoma therapy.
